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MAGAZINE.
THE EELATIONS OF GEOLOGY.1
By Professor CHARLES LAPWORTH, LL.D., F.R.S.
WE stand to-day at the beginning of a new century. The science of
Geology, whose devotees we are, is one of the youngest of the great
family of the sciences. The years since first it became conscious of its being
are but few in number, and its struggle for existence has from the first
been incessant. Yet I doubt not that there are many observers familiar
with its history who would assert that "young as it is in years, it is
already old in achievements, and that the roll of its discoveries and the
number and extent of its conquests stand almost unrivalled for their far-
reaching influence upon the philosophy and the practice of mankind."
But it is neither necessary nor dignified on our part here to-day to
advance or even suggest this claim. For it is not our self-esteem which
prompts our work, or the applause of the world that cheers us in its
pursuit. Eather is it the delight in the work itself which animates our
labours; and it is in the sympathy and the appreciation of our fellow-
workers that we rejoice when our aim is achieved. To Geology and
geologists do we stand or fall.
That being so, I have asked myself, as your elected representative,
whether it would not be good for us, as a united family of geologists met
here together at the close of one era and the opening of the next, to take
stock, as it were, of the work which Geology has already accomplished,
and note how we are prepared to face the tasks which the new era will
demand of our science and of ourselves.
But self-centred though we may be as individual geologists, and self-
centred though we may consider our science, we share the common lot of
1
 The President's Address, delivered before the Geological Society of London, at the
Annual General Meeting, held February 20, 1903.
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394 SCOTTISH GEOGRAPHICAL MAGAZINE.
all men, and our science shares the common lot of all the sciences. As
individuals we receive from our fellow-men all that makes for our social
wellbeing; and our science owes its very existence, and most of the
conditions that make for its progress, to the aid and sympathy afforded
by its fellow-sciences.
We have, therefore, no right to make this prospect or retrospect in
the family privacy of our own science, without regard to the feelings or
the claims of others. Geology has not only its privileges, but also its
duties, and the entire world of science and practice has the right of
demanding a justification of the faith that is in us. Nor do I think that
it asks too much if it insists upon a categorical answer to the questions:—
What is this Geology of which we are so proud and so confident ? What
has it done for the mental or material benefit of the human race 1 and
on what grounds does it justify its claim to respect and support as one
of the factors in the advance of humanity 1
Far be it from me to presume to attempt to reply on your behalf to
questions of so serious an import. That task must be left in part to the
eloquent apologists of our science, and in part to the results achieved by
the great workers in geology—results that carry the answer with them.
But on an occasion like the present, I doubt whether we can do any-
thing better or more appropriate to the time than have a quiet but open
talk together over the position and relations of our science.
GEOLOGY AND ITS FELLOW-SCIENCES.
Geology and Astronomy.—In the words of one of the most devoted
adherents of our science, we might say " without impropriety, that all
the physical sciences are included under two great heads—Astronomy
and Geology : the one comprehending all those sciences which teach us
the constitution, the motions, the relative places, and the mutual action
of the Astra, or heavenly bodies; while the other singles out for study
the one Astrum on which we live, namely,'the earth."
This definition, if we may call it so, is one which is not only simple
and convenient, but it gives perhaps the broadest and clearest view of
the place and mission of Geology, regarded from an outside standpoint.
And there is a naturalness in this association of Geology and Astronomy
which cannot be ignored.
Astronomy concerns itself with the whole of the visible universe, of
which our earth forms but a relatively insignificant part; while Geology
deals with that earth regarded as an individual. Astronomy is the oldest
of the sciences, while Geology is one of the newest. But the two
sciences have this in common, that to both are granted a magnificence of
outlook and an immensity of grasp denied to all the rest.
Yet, compared with other sciences, few perhaps have so small a
number of adherents and working members. It may be that this is due
to the opinion of the majority both of the past and the present genera-
tion, that these two sciences seem to demand for their successful prosecu-
tion' an abnegation of emotion and of all human sympathies; their
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THE RELATIONS OF GEOLOGY. 395
grandest results are not the conquests of the heart but of the head,
wrought out in the cold dry light of reason.
It is needless in these days to insist upon the fierce and pained
resistance which both have encountered at almost every fresh advance.
In spite of the fact that in the end every such advance has proved itself
to be a higher stage in the mental or material progress of mankind at
large, there still exists, even at the present time, an instinctive antagonism
to Astronomy and Geology in the minds of many, especially from the
sides of literature and of philosophy.
The bewildering immensities of space and time with which these two
sciences deal, and their insistent claim to be the only authorities that
can bring home to the mind of man the awful ideas of infinity and
eternity, cause them to be shunned and dreaded by the man of letters,
and wring now and again a wail of impotence and sadness from the
poet:—
" What be these two shapes high over the sacred fountain,
Taller than all the Muses, and higher than all the mountain ?
On these two peaks they stand, ever spreading and heightening."
" Look in their deep double shadow, the crowned ones all disappearing !
These are Astronomy and Geology—terrible Muses !"
But while Astronomy and Geology share almost equally in the vague
dread which they inspire in the minds of those who look only at Nature
from the side of the emotional and the beautiful, they by no means share
equally in the admiration instinctively accorded by the average thinking
man to the sciences in general. Along the whole range of the concrete
sciences there is perhaps not one that has so effectually compelled the
respect of men as Astronomy. There is not one in whose progress they
have taken so keen an interest, or whose conclusions have been so un-
hesitatingly accepted. On the other hand, every new discovery arrived
at by Geology appears to have come upon the minds of men with some-
thing of the nature of a shock. The conclusions of our science seem
rarely or never to have been accepted with pleasure because of their
value or their grandeur, but rather to have been adopted with reluctance
and regret and because they were found to be irresistible.
Yet, after all, this is hardly a matter for astonishment, for it has its
root in the origin and the growth of the two sciences themselves.
Astronomy had its birth in the childhood of mankind, in the silence and
calm of the night, and in the wonder of curiosity and awe. It carried
with it from the very first the mystic fascination of the distant and un-
known. It was associated in man's mind with the peaceful hours of rest
and of contemplation. It held within it much of the enthusiasm and
elevation of religion, for it lifted man's eyes upward and heavenward,
away from the never-ending struggle in the world below.
Geology had none of these attractions. The world over which early
man wandered was to him the theatre of a never-ending conflict, in which
were arrayed against him impassable seas, unscalable mountains, gloomy
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396 SCOTTISH GEOGRAPHICAL MAGAZINE.
forests peopled by deadly beasts of prey, raging streams and foaming
torrents, each and all the haunts of spirits luring him to doom.
What wonder, then, that Astronomy was one of the first of the
sciences to come into being, and that the successive generations of man-
kind have mingled with an awe of her greatness a tender and respectful
appreciation of her work and of her results!
And it was but natural that Geology should be non-existent until
long after most of the other sciences had come into being, and some had
grown almost to maturity. Even when she at last appeared and thrust
herself, as it were, into the established aristocracy of the sciences, she
brought with her the stigma of her lowly origin. And to that she added
much of the recklessness and assurance of youth, and a bewildering
absence of respect for the settled conventionalities of opinion and tradi-
tion. This is no excuse; but it is in its way a reason why she is still
supposed to be somewhat of a parvenue among the sciences, and is often
only listened to with patience because of her powers and her genius.
But there is also another reason for the reluctance with which the
conclusions of Geology are received by men in general, when compared
with the reception accorded to those of Astronomy :—namely, the relative
backwardness of the race in its appreciation of the concept of the exten-
sion of time as compared with its advanced appreciation of the concept
of the extension of space. Note the willingness, and even the welcome
with which any average audience of the present day accepts the state-
ments and sympathises with the conclusions of an astronomical lecturer
who demands for his remoter starry distances, it may be, myriads of
millions of miles. Compare that reception with the coldness, or at all
events the smiling incredulity, of the same audience when a geologist
suggests for the development of all the geological formations at the very
most a hundred millions of years. But it is not only the popular
audience, but also the majority of the men of education and experience,
who still feel this curious hesitation and difficulty. And nothing
perhaps has so retarded the reception of the higher conclusions of
Geology among men in general, as this instinctive parsimony of the
human mind in matters where time is concerned.
Yet, after all, perhaps this is easily accounted for. It has been well
said that "the intellectual advancement of men is due to the relatively
small effects of individual experiences added to the large effects of the
experiences of the antecedent individuals." The concept of the vastness
of space has been familiar to mankind for untold ages, and has grown
and expanded with the growth of the race. The concept of the im-
mensity of time has entered so little into the intellectual development of
mankind as a whole, and in its grander aspects so recently, that the race
is as yet incapable of adequately grasping it.
The wanderings of early man from place to place and land to land
soon familiarised him with the idea of the extension of space. He had
learned by bitter experience times out of number that the distant
horizon which to the eye bounded the vast canopy of the sky above him,
was no boundary at all, but shaded away in all directions into a limitless
world beyond, whose practical infinity had been proved to him by his
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THE RELATIONS OF GEOLOGY. 397
own wanderings, and by those of his forefathers generation after genera-
tion. Thus the idea of the vastness of space had already become a part
of man's intellectual equipment long before the origin of Astronomy
itself. And this idea has been deepened, broadened, and strengthened
during the successive centuries of progress by the employment of
constantly improving instruments of accurate measurement, by the in-
vention of the telescope, the discoveries of Geography, and by the
application of the higher mathematics to Astronomy as a whole.
But early man (and indeed his successors even down to and beyond
the Middle Ages) was miserably provided with the experiences which
might bring home to his mind the immensity of time. Early man
himself had for his longest trustworthy chronological base-line a short
seventy years—the span of his own existence—or at most perhaps a .
hundred years, if he included the experience of his parents. Even in
classical times all the past was to his experience vague and indefinite.
He had, it is true, mythical traditions of heroic ages, golden ages, and
the like, but these when summed up were merely the legendary total of
the experiences of but a few generations. Bound down as was man's
mind by his anthropomorphic ideas, he naturally assigned to the earth
and mankind a correspondingly brief existence; a few. generations—a
few centuries at the most—must have witnessed its birth; a few genera-
tions more must inevitably bring about its death and disappearance.
Even since the invention of letters and the compilation of accurate
historical records, the period of time of which man possesses experience,
either personally or collectively, is at most a very few thousands of years.
It is hopeless to expect, therefore, that for a long period to come the
geological concept of the immensity of past time will permeate the minds
of the many, or that they will accept the conclusions of Geology where
time is concerned, with the same confidence as that with which they
have long since accepted the conclusions of Astronomy.
But this intellectual backwardness of the race in the matter of the
appreciation of the vastness of geological time is not only a stumbling-
block in the way of the acceptance of the results of Geology among the
public at large, but also to the workers in other sciences, and even to the
students of Geology itself. It is well within the memory of many of
us how even those holding the most advanced views in other sciences
were intensely reluctant to acknowledge the possibility of the existence
of man upon the earth for more than a few thousands of years. And
among the geologists of the preceding generation, the demand of the
so-called " uniformitarians " for those vast aeons which must be grantedj
if the geological formations were accumulated and deposited at the same
rate as corresponding accumulations are brought together at the present
day, was only reluctantly conceded by the majority after years of conflict
and denial. Even at the present time it is the habit not only of eminent
physicists, mathematicians, and chemists, but also of some of our
geological authorities, to scout all reasonings that suggest a geological
antiquity for our globe of more than a few millions of years.
Far be it from me to suggest that geologists should be reckless in
their drafts upon the bank of Time; but nothing whatever is gained,
D
ow
nl
oa
de
d 
by
 [C
om
pu
tin
g &
 L
ibr
ary
 Se
rv
ice
s, 
Un
ive
rsi
ty 
of
 H
ud
de
rsf
iel
d]
 at
 11
:10
 13
 Ja
nu
ary
 20
15
 
398 SCOTTISH GEOGRAPHICAL MAGAZINE.
and very much is lost, by persistent niggardliness in this direction.
The astronomer, although persuaded of the possible infinity of the
universe, is just as careful in estimating the length of his grander base-
lines of millions of miles as is the geographical surveyor who takes
years, it may be, to measure accurately the length of a base-line a few
miles in extent before he commences the triangulation of a single
country. But the consciousness of the astronomer of the practical
.infinity of his realms gives him a freedom of action in dealing with
space which is delightful. In the same way the geologist, who is blest
with'an assured conviction of the immensity of gpological time, moves
with an ease and freedom from cause to effect wholly denied to those
wanting in this conviction. No doctrine in Geology has resulted in
such brilliance of discovery as the doctrine of uniformitarianism, which
sets no theoretical bounds either to the efficacy of present causes or to
the duration of past time. Tt is not, however, the eternity of geological
time that this doctrine demands, but the assumption of the vast duration
of the geological periods of which it has been made up. And'if to this
assumption the geologist adds the conscientious accuracy of the geodesist
and astronomer, and not only takes for possible, but absolutely demon-
strates by discovery after discovery the true extent of the seons that have
gone to the making of the geological formations, he is certain to foster
and eventually to establish in the minds of men a full and adequate
conception of the immensity of geological time.
Geology in Particular.—I have said that the widest definition of
Geology is that it is that science which, leaving to Astronomy the study
of the heavenly bodies as a society, devotes itself to the study of the
earth as an individual; in other words, that it is a " Geonomy" as
contrasted with an " Astronomy." . But while this description is justifi-
able in principle, it is open to the natural objection that it shares this
earth-knowledge with many other sciences, especially with the science
of Geography. Perhaps the shortest definition that has been made of
our science, and one equally acceptable to its students and to those
who view it from the outside, is that Geology is the " science of the
structure of the earth." It is in and around that earth-structure
that all geological ideas centre. In working out the solutions of the
problems presented by that structure, Geology not only finds her own
special and peculiar mission, but extends a hand to all her sister-
sciences.
In studying the solid elements of that structure, Geology shades
through the science of Mineralogy into that of Chemistry. In the study
of the changes which the parts of that structure have undergone and
are now undergoing it shades through the science of Meteorology into
that of Physics. In the study of the successive surfaces of that structure
it grades into the science of Geography. In the study of the stony
relics of the vanished beings that once dwelt upon those surfaces it joins
hands with the sciences of Zoology and Botany.' In studying the
phenomena presented by the sequence and inter-relations of the rock-
formations which go to the building up of that structure, it finds the
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THE RELATIONS OF GEOLOGY. 399
means of reading the past history of the earth and its living inhabitants
—a glory reserved for Geology alone.
It was not until geologists discovered that the solid earth-crust
had a structure which was made up of definite parts or "formations"
capable of individual recognition and description, each showing a special
distribution in space and in time, and each marked by characteristic
features capable of being compared, contrasted, and reasoned about, that
the science of Geology attained individuality and became worthy of its
name. It was this discovery—inaugurated by Lehmanu and Guettard
about the middle of the eighteenth century, made famous by Werner
and his contemporaries towards its close, and established beyond all
dispute by William Smith at the dawn of the next—that gave Geology
a claim to be regarded as one of the concrete sciences, and placed in her
hands the weapons with which she has fought her way onwards irresist-
ibly to the conquest of her kingdom.
Since the days of William Smith, the careful investigation and
mapping out of these geological formations, igneous as well as aqueous,
has spread outward from the original centres of investigation with
extraordinary rapidity, until at the present day there is hardly a civilised
nation that does not possess a Government Geological Survey. The
fascinating problems presented by these formations and the light which
their solution has thrown upon all that concerns the past development of
the earth and of its living inhabitants, have not only attracted hosts of
enthusiastic students to the science itself, but have given it a far-reach-
ing interest to countless workers in other branches of knowledge and
opinion. As a consequence, there is hardly a single important intel-
lectual centre in the Old World or the New which has not its own
Geological Society, emulative of our own, whose members are either
engaged in aiding the advance of that science or profiting by the benefits
of that advance. One and all—national surveyors, members of geological
societies, sympathisers in other sciences, collective bodies or isolated
individuals—are united in a catholic freemasonry by their common
study of, and interest in, the rocky structure of the earth.
I will not attempt the impossible by endeavouring to follow in detail
the various stages in the development of geological science, or by trying
to distinguish between what is due to the researches of its own students,
and what is due to the aids afforded them by the fellow-sciences. But
none among us would venture to deny the assertion that no branch of
scientific inquiry has profited more than Geology from what has been
termed the " consensus of the sciences." No science has received more
ungrudging assistance from other sciences, or has repaid more fully that
assistance in kind. Almost every problem attacked by Geology has
needed the aid of some other branch of knowledge for its solution;
almost every advance made by Geology has furthered the progress of
one or more of its fellow-sciences.
Geology and Mineralogy.—The discovery of the geological formations
themselves may be said to have been essentially the outcome of the
early association of Geology and Mineralogy. The brilliant ideas of
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400 SCOTTISH GEOGRAPHICAL MAGAZINE.
Werner, embodied in his so-called " Geognosy," in which these forma-
tions were first identified by their mineral characters, and then followed
over their vast geographical extension until they were shown to stand
related to the whole of terrestrial nature and of life, had unquestionably
their root in Mineralogy; and the geological student of the igneous
formations is incapable of his task unless he is well acquainted with
the latest methods and results of mineralogical science. But the idea
of the inevitable association of Mineralogy and Geology must not be
pressed too far, nor should it be allowed to give to the whole of Geology
that dominant miueralogical colour in which it is often erroneously
supposed to be steeped. It is impossible to overestimate the advantages
which have accrued to the science of Geology by its association with
Mineralogy. But that association is an alliance and not a conquest.
Geology is not a province of Mineralogy, but an empire in its'own right,
and between it and that of Chemistry, Mineralogy is, as it were, a kind
of buffer-kingdom having alliances with both.
But if Geology owes much to its alliance with Mineralogy, Mineralogy
has benefited by that alliance to quite as great an extent. Not only
have all the minerals their home and habitat in the rock-formations,
but the mineralogist owes to the geologist all that he knows of their
association and distribution. In no branch of our science has Mineralogy
aided us more than in that of Petrology, which has made such marvellous
strides during the past generation; but that debt of obligation has been
well repaid. To the petrologist is owing the discovery of the special
association of the minerals in the igneous rocks, their relative order of
generation, and their mutual interferences; and following upon this he
has made known hosts of unexpected data rich in fascinating problems,
opening out a new world of speculation and research both for the
mineralogist and for the chemist.
Geology and Biology.—But if Geology owes the first suggestion of the
geological formations and their individualisation to Mineralogy, she has
received benefits of as long standing and of as great moment from
Biology and biologists. The solid foundations of the palseontological
side of Geology were laid by the Continental biologists ranging from
Steno to Cuvier, simultaneously with the discovery and the working out
of the order of the geological formations. Nothing in the history of the
growth of Geology so astonished mankind, or so effectually aided in
lifting and dispersing the dark cloud of obloquy and neglect which hid
from the world the magnitude of the results attained by the early
geologists, as the demonstration by the biologist that the extinct organic
remains collected from the geological formations were identical in
structure with creatures living upon the earth at the present day, and
that all these fossil forms fell naturally into a place in the. accepted
biological classifications. At every successive stage in the progress of
stratigraphy since that time, the geologist has been similarly indebted
to the biologist for the interpretation and classification of his fossils;
and when we have respect to the rarity and to the fragmentary con-
dition of many of these forms, we cannot sufficiently express our grati-
tude to Biology for the aid which she has afforded us.
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THE RELATIONS OF GEOLOGY. 401
But there is no need to claim that Geology has repaid the debt. It
will be enough if I quote here two short receipts handed in on our
behalf, one by the most distinguished biologist of the latter half of the
century just closed, and another by the present occupant of his chair. In
the words of Huxley," the doctrine of evolution in Biology is a necessary
result of the logical application of the principles of the geological doctrine
of uniformitarianism to the phenomena of life; Darwin is the natural
successor of Hutton and Lyell, and the Origin of Species the logical
sequence of the Principles of Geology." These words were written
by him about twenty years since, and his successor, in reviewing from
a morphological standpoint a few months ago the work of zoologists
accomplished during these twenty years, speaks as follows:—" The
progress through which we have passed has produced revolutionary re-
sults ; our knowledge of facts has become materially enhanced, and our
classifications have been to a large extent replaced in clearer and more
comprehensive schemes; and we are enabled to-day to deduce with an
accuracy proportionate to our increased knowledge of fact the nature of
the inter-relationships of the living beings, which with ourselves inhabit
the earth. . . . Satisfactory as is the result, it must be clearly borne in
mind that its realisation could not have come about but for a knowledge
of the animals of the past."
It is at the present day the habit of some to hint that Palaeontology,
as geologists understand. it, is a mere branch of Biology, just as it was
the fashion half a century ago to look upon it as a branch of Geology.
But the proper view, I take it, is to regard it as the common possession
of both these sciences. Here, as in so many contests of opinion, the
truth lies in the middle. It is undeniable that all the organic remains
discovered by the geologist were in their day members of the great
biological chain of life, and have therefore their individual places and
relationships in the scheme of biological classification; and that as a
consequence the study of their structure and their relationships fall within
the province of Biology. But it is equally undeniable that each of these
creatures had an existence during a definite range of geological time, and
that its fossilised remains occur at a certain horizon in the ascending
series of the geological formations. They have thus a geological
arrangement and grouping as inevitable and necessary as the biological
one. While we grant that the biologist has not only a right but almost
an obligation to place in its systematic biological position in his museum
an example of every species hitherto discovered by the geologist, it is
equally important for the advancement of science in general that the
geologist shall have in his museum a stratigraphical grouping and
chronological arrangement of fossil species always available for his
geological work. There is a phylogenetic grouping by affinity for
Avhich the biologist is constantly striving, and to which he is daily
more and more approximating; but there is also a chronological group-
ing by geological position, which for every individual specimen in the
palseontological department of a geological museum was practically fixed
the day when that specimen was collected from a known stratigraphical
horizon. We may rest assured that, year by year, the stratigraphical
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402 SCOTTISH GEOGRAPHICAL MAGAZINE.
classification in our geological museum will become more detailed and
more refined. This chronological grouping constitutes a tool with
which Geology cannot possibly dispense. Again and again, in the
years gone by, the apparent sequence and the known palaeontology
have been in conflict as to the true stratigraphical position of local
formations, and in every known case hitherto the palaeontological side
has scored the victory.
But indeed, if we geologists were ever to become so benighted as to
neglect this detailed sequential classification of the fossils in our museums,
the biologists themselves would soon force it upon us for the sake of
their own science. Fossils as thus arranged are and can be the only
tangible proofs of the chronological order in which the various types
and forms of life.made their successive appearance on the earth; and
they are in consequence the clearest and most widely accepted evidences
of the doctrine of biological evolution. And further, the more minutely
they are arranged in stratigrapliical detail, and the greater the number
of species, varieties, or mutations which are arranged under each horizon,
the sooner will biologists have at their command the necessary materials
enabling them to solve those great outstanding problems that bear
upon the laws which have ruled in the origin, variation, and dis-
tribution of species.
Geology and Geography.—Turning next to the relations between
Geography and Geology, we may say, perhaps, that there are no two
sciences more intimately connected, or more mutually beneficial. I have
already referred to the natural claim of some geologists that logically
Geology includes all that is contained in the study of the earth. But it
might better, perhaps, be said that Geology and Geography share much
of this collective study between them. Geology deals with the past of
the globe and Geography with its present—the former having, so to
speak, the charge of its history, and the latter of its politics. The'
surface of the globe is their common limit, and, in a way, their common
property. All that comes above that surface lies within the province of
Geography; all that comes below that surface lies inside the realm of
Geology. The surface of the earth is that which, so to speak, divides
them and at the same time " binds them together in indissoluble union."
We may, perhaps, put the case metaphorical!}1. The relationships of
•the two are rather like that of man and wife. Geography, like a
prudent woman, has followed th'e sage advice of Shakespeare and taken
unto her "an elder than herself"; but she does not trespass on the
domain of her consort, nor could she possibly maintain the respect of
her children were she to flaunt before the world the assertion that she
is " a woman with a past."
It is almost superfluous even to hint at the aid afforded by Physical
Geography to Physical Geology, or to attempt to show how mutually
dependent the two have always been one upon the other. At first
Geology was looked upon merely as a branch of Physical Geography;
De Saussure, who first gave the name of Geology to our science, was
himself in the front rank of the physical geographers of his day. The
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THE RELATIONS OF GEOLOGY. 403
study of the whole array of terrestrial phenomena described by the
physical geographer is, if anything, even more necessary to the educa-
tional outfit of the young geologist than the study of Mineralogy and
Chemistry. Without the aid afforded by the study of the present
phenomena which properly fall within the ken of the physical geographer,
"the conquests of Hutton and Lyell would never have been achieved, and
the true philosophy of Geology would have been impossible."
Again, every advance made by the geographical surveyor in the
accuracy and details of his maps has resulted in a corresponding im-
provement in geological mapping and surveying. Every advance made
by the descriptive geographer in the discovery, delineation, and de-
scription of the geographical relief of continental lands, or of the
depths and deposits of the sea, has increased geological knowledge,
and has stimulated geological inquiry and discovery in an almost
corresponding ratio.
But, in this case of Geography and Geology as in others, the benefits
have certainly been mutual. Broadly speaking, almost the whole of that
vast mass of information which geographers now possess, respecting the
work of those agencies which rule upon the dynamical side of Physical
Geography, has been wrought out and accumulated by geologists en-
gaged in searching for the causes of geological action in the past. The
grand processes of denudation, erosion, and deposition ; the multifarious
action of rain, rivers, and ice; the phenomena of earthquakes and vol-
canoes ; and the rock-making activities of animals and plants, were most
of them first laboriously investigated by geologists, who welded them
into tools for work in their own science, and then handed them over
bodily for permanent lodgment in the • well-filled storehouse of the
physical geographer.
As regards the surface of the earth itself, so numberless of late years
have grown the visible and certain points of contact between the pheno-
mena previously regarded as proper to the one or the other of the two
sciences of Geology and Physical Geography, and so evident to all has
become the sequence of geological causes and geographical effects, that
many geographers have of late years almost lost consciousness even cf
the existence of .1 possible downward limit to their science. Bevelling
in the wealth of geological facts and ideas already accumulated and
lying ready to their hand, scientific writers have combined with their
geographical description of the "forms" of the surface of the earth the
geological explanation of their origins in that most interesting branch of
knowledge.which is sometimes named " Geomorphology." This is un-
doubtedly a section of geonomic science, which is of great value, and is
destined to grow in importance as time goes on. But its study pre-
supposes a preliminary education in which Geology and geological causes
take perhaps the largest share ; and those who would class it merely as
a sub-science of Geography are as wrong as those who class it merely as
a sub-science of Geology. It is the healthy and vigorous child of both.
Geology and Physics.—Here we enter upon more difficult and dubious
ground, namely, the relations of Geology to the science of Physics,
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404 SCOTTISH GEOGRAPHICAL MAGAZINE.
especially in the matter of the so-called " hypogene " agencies. The
mechanical modes and means of formation of our mineralogical rock-
sheets have long since been recognised and agreed upon, but the
mechanical modes and means of their deformation have, many of them,
yet to be identified and established. In the matters of cleavage, jointing,
and foliation we have advanced, and in the modes and effects of faulting
we have already made some headway. But in the grander problems of
orogeny, crust-warping, and secular elevation and depression, we are still
very much in the dark. In spite of all the brilliant work which has
been done of recent years, we are forced to acknowledge that we are still
busied in collecting data upon which to found a philosophic system of
crust-deformation. Nothing yet formulated in this direction is of suffi-
cient definiteness and breadth of grasp to afford matter from which
anything more than suggestive deductions may be drawn by the higher
physics and mathematics.
But although our materials are as yet too heterogeneous and too
complicated to admit satisfactorily of such outside analysis, yet among
geologists themselves there is being developed a tendency to assort and
interpret them from two extreme points of view, which may perhaps be
distinguished as the astronomical and the geonomical.
The working theory employed by the many at the one extreme is
the collapse-theory, which is founded essentially upon the (contraction)
hypothesis of the gradual loss of heat of the earth's interior. This
theory starts from the original covering of our globe, and regards the
present state of that covering as that of a solid and more or less cooled
crust, which warps, folds, and fractures as it follows down upon the
slowly contracting, but still intensely heated (and probably solid) nucleus.
This crust shows in its structure and in the major forms of the outer
surface the combined effects of the radial and tangential deformations
due to the contraction'and collapse, these deformations being grouped
about the remains of the chief irregularities proper to the crust at the
time of its original consolidation.
The working theory employed by the few at the other extreme is the
fold-theory, founded essentially on the (undulation) hypothesis that the
deformation may be largely due to tidal movements and to the constant
redistribution of load and resistances. It starts from the known modes
of deformation of the rock-sheets which make up the present supercrust
and of those of its superposed coverings of water and of air. It regards
the earth-crust as a spheroidal shell or bridge surrounding and balanced
upon a fluid nucleus (probably gas-like), the shell being in a state of
general vibration and its parts in a state of regional and local stress.
This shell yields harmonically as a whole; and its various parts yield in
groups or individually to the several stresses, but always in theoretic
units (duads) each made up of two moieties which are the positive and
negative equivalents of each other.
According to both theories, the type of deformation may be that of
undulation, warping, folding, gliding, fracture, or flow, according as the
magnitude of the stress, the speed of the action, or the relative elasticity
of the material may determine: its development may range in time from
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THE RELATIONS OF GEOLOGY. 405
that of an instant to that of an seon; and its extent from microscopic to
hemispheric.
According to the first theory, however, the deformation is not theo-
retically symmetrical, but is consequent upon and has ever been controlled
by the salient features of the original earth-crust. According to the
second, the deformation is theoretically symmetrical, and is due to the
continual breaking-down and readjustment of equilibrium ; it is at every
stage controlled by the length and direction of the instantaneous polar
and equatorial diameters of the earth, and by the summational and
individual deformations already effected.
The tendencies of the first theory are to compare all the phenomena
of yieldage with those characteristic of solid bodies, and to dwell
especially upon the proofs of fracture (with the fault as the central
type); to parallel such signs of symmetry as are apparent with that of
crystals, and the loxodromic trend-lines of the earth's surface with those
of crystalline cleavage. The tendencies of the second theory are to com-
pare the yieldage-phenomena with those of flexible bodies (with the fold
as the central type), grading on the one hand into those of rigid, and on
the other into those of liquid bodies, and including all types; to parallel
the symmetries with those of wave-forms, and to refer the trends to
composition, interference, or superposition as the case may be.
In the first theory there is inherent the expectation of continuous
accretion and discontinuous collapse; in the second the expectation of
rhythmic recurrence of form in space and of movement in time.
According to the first theory the locus of the pole of the land hemi-
sphere on or about the 45th parallel is an accident of evolution and a
survival; according to the second it is a theoretic necessity and a
resultant.
How much of each of these views is a mere mental expedient, and
how much is an expression of fact, must be left for future research to
determine. The discovery of the true path lying between the two ex-
tremes will form one of the tasks which await the geologists of the
coming era.
GEOLOGY AND PRACTICE.
Geology and the Useful Arts.—Up to this point I have dealt mainly
with the so-called "scientific" aspect of Geology, regarding it from the
inside point of view—as an interpreter of Nature, and a member of the
great family of the sciences. But, as I have already hinted, we are
bound also to consider it from the outside or " practical" point of view
—as being one of the servants of mankind and an associate of the useful
arts. Indeed it is wholly impossible to avoid dealing with it from this
outside aspect. In the words of Herbert Spencer: "Not only are the
sciences involved with each other, but they are all inextricably inter-
woven with the complex web of the arts, and are only conventionally
independent of it. Originally the two were one, and there has been a
perpetual inosculation of the two ever since. Science has been supplying
art with higher generalisations and more completely qualitative pre-
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406 SCOTTISH GEOGRAPHICAL MAGAZINE.
visions; art has been supplying science with better materials arid more
perfect instruments. . . . And all along this interdependence has been
growing closer, not only between the arts and science, but among the
arts themselves and among the sciences themselves."
I hare already noted how greatly Geology is indebted to her sister-
sciences, and how in every case the aid which she has been given has
been fully reciprocated and the mutual sympathy broadened and enlarged.
Surely there is no need for me to recall how deep and how fundamental
are the obligations which Geology owes to the arts in general, and to
those of mining, engineering, and topographic surveying in particular.
But it may not be without advantage if we geologists remind ourselves
of that which in the absorption of our researches we are sadly prone to
forget, namely, the existence of those many links that bind our science
to the world of practice, and the vital need there is of strengthening
those links by every means in our power.
It is true that the first duty of every science is to move incessantly
forward from discovery to discovery along the straight path of un-
remitting investigation and research, following truth whithersoever it
may lead, wholly unbiassed by the question as to whether that discovery
bears any relation whatever to the material wants of mankind. But it is
equally true that once a fresh fact has been discovered, or once a new
and satisfactory conclusion has been reached, if that fact or that con-
clusion be of evident benefit to mankind at large, every lover of his
science should welcome its utility and do his best to encourage its use.
Here, however, we cannot ignore the fact that it is impossible that
full use can be made of the results of any science until those to whom
such results would be of practical value are educated at least in' the
principles of that science. And such education has a double value ; it is
not only of especial advantage to those who intend to make use of the
results of the science, but it redounds to the benefit of the science itself,
for it trains up a host of sympathetic students all concerned in its
advancement.
We cannot fail to recognise that those sciences—such as Chemistry,
Physics, Biology, and the like—which are generally acknowledged to be
most intimately bound up with practice, and an education which is held
to be absolutely necessary for success in one or more of the arts or pro-
fessions, are the sciences which have the greatest number of students and
are making the swiftest progress. It is the height of absurdity to
imagine that Geology can, any more than any other science, possibly
restrict its activity to research alone. Rather may we say that the
corporate geological organism has three necessary functions—research,
practice, and education. So long as all three functions are naturally and
healthfully performed, so long will Geology live and flourish. AVhenever
either function remains long unexercised, or falls into disuse, there
follows, of necessity, a weakness throughout the entire organism, which
must in the end become lethargic and crippled, and fall behind in the
race.
When, on the other hand, all three functions are most vigorously
exercised, the progress of the science must be at its swiftest and its
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THE RELATIONS OF GEOLOGY. 407
surest. And this fact has been well illustrated in the history of our
science; for whenever these three functions of Geology have been most
clearly appreciated and simultaneously energised by its leaders, Geology
has shone forth with an especial and peculiar lustre, and has won the
attention and regard of the world.
Those who came from all parts of Europe to attend the lectures of
Werner, were drawn to him by his conviction that Geology was one of
the most useful of trainings not only for the men of the mining and
metallurgical world, but also for those who were interested in all that
concerns Man's relation to the earth in general. They listened with
delight and with profit to the brilliant exposition of his far-reaching
ideas, not only because they felt the fascination of these ideas, but also
because they were impressed by his assurance of their material and in-
tellectual utility. The geological education which they received from
him, they communicated in their turn to their own pupils, and rapidly
spread the benefits and influence of Geology far and wide over the
economic and intellectual world of their time.
But we have even a more striking instance nearer home. I do not
think that it is too much to assert that no single geologist, whose name
adorns the long roll of the past members of this Society, secured at one
and the same time so far-reaching an influence upon the spread of'
geological knowledge at large, so sincere a respect for our science from
the Governments of civilised countries, and so kindly a regard and
affection for it from the mass of mankind, as Sir Henry De la Beche.
And I take it that all this was due to the fact that he, more than any
other British geologist before him or after him, had a clear and well-
balanced conception of the three functions of Geology. He was at once
a scientist, a practical man, and an educationalist.
No one familiar with his Geology of Devon and Cornwall, or with
his Geological Observer, but will grant that he was, both from the side
of research and theory, a scientist to the backbone. But he was more
than a scientist. He was a man whose life-work had convinced him that
the useful side of Geology is as important as the intellectual, and indeed
of the necessity there is for the constant union of science and practice,
or, as he puts it himself, " Science and practice are not antagonistic, they
are mutual aids." And mainly, perhaps, because of this conviction, he
was also a keen educationalist; for, as he himself expresses it, as "some
reason, right or wrong, is sure to be assigned to every practice, it is most
important for those connected with that practice that they should possess
the existing knowledge upon which it rests."
De la Beche devoted some of the best years of his life to the task of
convincing the Government and the people of this country of the im-
portance of the knowledge of the science and practice of Geology and its
related sciences to the material and intellectual advancement of the
nation. He brought round the Government of the day to his views,
and the best minds of his time, from the Prince Consort downward,
became his enthusiastic supporters. He created the British National
Geological Survey, which has proved itself as beneficial to the advance
of pure Geology as it has to the development of the mineral resources of
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408 SCOTTISH GEOGRAPHICAL MAGAZINE.
the Kingdom ; while it has been the prolific parent of similar national
Geological Surveys in almost all countries of the civilised world. He
founded the Museum of Practical Geology as a national home for the
collections made by geological research and for the illustrations of
Geology in all its practical applications, consecrating the building, even
ia its title, to that idea of the combination of knowledge and utility
which justified the nation in its foundation and its maintenance. And
more, he made that Museum, through his genius and his knowledge of
men, a living and growing centre of instruction in geological science and
its useful applications, selecting as the teachers of that special education
some of the highest intellects of his day.
What other scientific leader of the nineteenth century can show so
famous a roll of lieutenants ? It is almost invidious to select names from
the list. But so long as Natural Science, pure or applied, shall command
the respect of men, the names of Thomas Huxley, Lyon Playfair, Edward
Frankland, John Percy, Edward Forbes, and Andrew Ramsay, will be
held in honoured memory as those of men whose lifework in science, or
in practice, or in education, or in all three combined, place them in the
front rank of the benefactors of their day and their generation.
We might go on to point out how the success of De la Beche's
scheme caused it to outgrow rapidly the limits of its original home, for
we are most of us familiar with the fact that while the Geological Survey
and the National geological collections are still retained in the original
Museum, the educational sections became developed into the Royal School
of Mines and eventually into the Royal College of Science, which in its
turn practically became the centre of that widespread scheme of national
instruction, known as the Science and Art Department. But what
especially concerns us here, is that these results demonstrate, on the one
hand, the naturalness and fertility of De la Beche's conception of the
necessary association of science, practice, and education, and on the other
the far-reaching influence that Geology and geologists have had on the
extension and invigoration of scientific practice and education in Britain.
Geology and Economics.—It is almost an impertinence to point out to
an assemblage of geologists like this the relationships of Geology and its
applications to the material welfare of our fellow-countrymen; but those
of us who are absorbed in the charms of research are now and again
tempted to look askance at, those who are engaged in advancing
Geology and the applications of Geology from the side of Economics.
Yet for all that, every one of us is well aware that Geology is bound up
body and soul with the development of the mineral wealth of our land—
that mineral wealth by means of which the enterprise of our people has
placed our country at the head of the manufacturing and commercial
powers of the world. Our science has not only the charge of the working
out of all the detailed phenomena, subterranean and superficial, of the
great coalfields and iron-ore fields which lie at the foundation of our.
commercial supremacy as a nation, but it works out the characters and
fixes the places of all the stony materials of which our cities and towns
are built, our humblest dwellings are constructed, and all our roads and
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THE RELATIONS OF GEOLOGY. 409
railways are made. It deals with the sources and the quantities and
characters of our water-supplies, whether deep-seated or superficial, the
nature and distribution of our soils, and indeed with everything which
we derive directly from the ground upon which we tread. Thus a know-
ledge of the principles and applications of Geology is indispensable to the
education of the miner, the mine-owner, the prospector, the land-agent,
the landowner, the agriculturalist, the civil engineer, and the military
engineer.
Geology and Man^—It is as true now, as it was in the days when
Werner first drew his far-reaching inferences before his charmed listeners,
that on the characteristic phenomena and varying distribution of the
grand mineral masses of the rock-formations, almost all that concerns the
relative habitability of a land depends. Where the hard, intractable
rock-formations rise boldly out, we have our mountain regions—our
Uplands and Highlands—wild areas of pasture and scanty population, it
is true, but the lands of refuge and of freedom in the past, and of health
and holiday in the present. Where the soft, easily-weathered rock-forma-
tions spread out in gentle slopes or broad undulations, we have the wide
plains of our great agricultural districts—the lands it may be of peace
and plenty, but where life is so easy-going and so monotonous that there
is little incentive or opportunity to vary the established order of things,
and the local country-life remains much the same generation after
generation. Between these two extremes lie the areas floored by the
gently inclined rocks of our great coalfields, the theatres of an incessant
and fierce industrial struggle—a struggle that has its reflection and its
effects in the restless energy and the determined advance of their in-
habitants.
What well-read geologist among us is not aware that every variation
in the contour of our country, as it rises from the encircling seas that
have guarded our freedom, is dependent upon its geology 1 Where the
hard rock-formations reach the seaboard, project the bold headland and
its cliffs. Where the soft rocks come down to the shore-line, open out
the broad bays. Where the highly resistant rocks are lifted up in broad
mass and face the wild ocean, we find a shore-land of rugged cliffs and
wild inlets, inhabited only by a few hardy fishermen. Where the easily
yielding rocks have been depressed in mass by geological movements, we
have the long-withdrawing estuary, alive with the ships of commerce
moving to and fro from the busy and populous seaport at its head.
Or turning inland and looking over the general aspect of the country
we recognise everywhere not only the paramount influence of the
geological formations and geological conditions on the scenery and the
relief of the land; but we trace everywhere the persistent effects of
these conditions upon the past and present of the people. All the
activities of struggling humanity, in the contest for the bare necessities
of existence, for mutual protection, for trade, and for progress, have been
limited and controlled by the natural bounds marked out by the un-
varying geological factors. The original sites of almost every city and
town, village and hamlet, ancient castle and modern mansion, were all
determined practically by geological considerations. The sites of the
VOL. xix. 2 G
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410 SCOTTISH GEOGRAPHICAL MAGAZINE.
old fortresses were fixed by the places of the more or less inaccessible
cliffs and scarps, the position of the villages and hamlets by the abun-
dance of the springs, and the settlement of the lands by the comparative
richness of the soils. All down the long stream of hist6ry, the suc-
cessive waves of invasion, the ebb and flow of conquering armies, the
tracks of inland trade and communication, from the time of the Roman
ways, through the roads of the Middle Ages and later, down to the
main threads of the network of railways of the present day, have all
more or less followed the same general courses, courses determined by
the geographical phenomena consequent upon the geological structure
of the land.
It is idle to pursue these matters further, or recall how all the
variations in scenery and scenic beauty are dependent upon geological
causes; or how these causes determine the productiveness or the health-
fulness of a district. But it is impossible for us, to whom these matters
are as familiar as household words, to conceive that the education of the
geographer, the traveller, the man of commerce, the student of hygiene,
the artist, the archaeologist, the historian, or even the politician can
possibly pretend to completeness unless that education has shown him
something of the wealth of facts and ideas that flow even from an
elementary acquaintance with a knowledge of these things.
Here perhaps we may call to mind the fact that what gives character
and especial colour to the science of Geology, is that it is the exponent
of the idea of continuous evolution. I had almost said the discoverer;
for "he discovers who proves." Its widest conclusions are based upon
the assumption and proof of the efficacy of small causes to bring about
the greatest cumulative effects. There is probably no educational
gymnastic more captivating and invigorating than to work out and
fully appreciate the quietly cumulative effects of present natural causes
—the sea-waves gnawing away the shore, the slow sinking of mud layer
by layer on the sea-floor, the quiet burying-up of organisms; next to
trace these phenomena backward stage by stage through the rock-
formations that mark the seons of the. past, down to the very base of
the geological scale ; and, thence returning, to climb back step by step
up the long ladder of life, and note the successive incoming of the
ascending types of the animate creation, rising higher and higher yet
in the scale of being to the crown of all—Man himself—"the heir
of all the ages."
. The discoveries which Geology, in company with Archaeology and
Anthropology, has made in aid of the solution of the great problem of
the Antiquity of Man, are so revolutionary and so recent that they are
practically familiar to all.
To one who has gone through a geological training, and appreciated
its meaning, the idea of slow and continuous evolution becomes as it
were part and parcel of his mental constitution. He naturally carries
on the same geological methods into the study of humanity in general—
always from the developmental point of view, always on the watch for
those simple natural causes that may have been capable of bringing
about the present known effects, and always in the hope of discovering
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THE RELATIONS OF GEOLOGY. 411
a slow and natural evolution. It is in this way that he studies the
races of mankind, the growth and relations of languages, the forms and
distributions of beliefs, the trends of political practice and opinion, the
origin and expansion of commerce. He is watching, and indeed as it
were assisting in, the development of a living thing growing up before
his mental eyes. His interest is excited, his curiosity piqued, and his
emotions stirred; and while his imagination is allowed full play, it is
always safely confined within the logical bounds of induction, deduction,
and verification.
Surely some kind of knovyledge and training of this kind is much
to be desired for the ordinary man of education and leisure, the literary
man, the arts man, the mathematician. Only by some means of this
kind does it seem possible to restore the loss of balance due to the self-
absorptive and introspective tendency of much of the so-called culture
of the present day. Only by some means of this kind can one attain
to the needed breadth of outlook and freedom of opinion as respects all
that concerns the relation of man and nature.
GEOLOGY AND EDUCATION.
We have seen that a knowledge of Geology is indispensable to the
complete education of the miner, the prospector, the civil engineer, and
the military engineer; and that a first-hand acquaintance with at least
its elements is eminently desirable for the agriculturalist, the geographer,
the traveller, and the biologist. Many may even be willing to admit
that the literary man and the man of culture would be the better
for knowing something of its principles and its conclusions. But, as
geologists, it is our bounden duty to go much farther than this, and
urge upon the educationalists of the day the necessity of affording the
rising generation such a full opportunity of instruction in that kind of
knowledge of which Geology is the keystone as shall enable our youth
to understand and appreciate the more important phenomena of the
world at large, and the bearing of these upon their own life and
surroundings.
Nothing, however, is further from my intention than to suggest that
all the youth of the country shall be instructed in the science of Geology
as such, or that Geology shall be introduced as a special subject of educa-
tion, except into the higher classes of schools, colleges, and universities.
But what I have in my mind is that Geology is the centre of that
group of knowledges which are sometimes collectively referred to as
" Nature-Knowledge," and their study as " Nature-Study." The more
advanced educationalists have long since suggested and even strongly
advocated instruction in Nature-Study for all our youth;'but, alas, they
are not yet agreed as to what "Nature-Study " shall include, or how it
shall be taught. At the one extreme are those who apparently would
embrace within it instruction in and explanation of all such concrete
facts and phenomena as can be brought before the notice of the youthful
pupil so as to direct his attention to external nature in general. At
the other extreme are those to whom this dwelling upon facts and
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phenomena appears to be repugnant, if we may judge from the following
extract which I take from a recently published book-catalogue:—" To
those who are striving to make Nature-Study more vital and attractive
by revealing a vast realm of Nature outside the realm of science, and a
world of ideas above and beyond the world of facts, the pages following,
giving the titles of books dealing with Nature and Nature-Studies, are
dedicated." As geologists, however, we should presume, I take it, that
education in Nature-Study is, in the words of Huxley, " education in that
diligent, patient, loving study of all the aspects of Nature, the results of
which constitute exact knowledge, or Science."
Education in Earth-Knoidedge.—However that may be, this at all
events is clear: the branch of Nature-Knowledge with which Geology
and geologists have to do is that which Huxley terms "Erdkunde, or
Earth-Knowledge, or Geology in its etymological sense." So impressed
was Huxley with the general need for instruction in this kind of Earth-
Knowledge, that he practically founded for its study the educational
subject which he named Physiography. Yet Physiography has come to
embrace much that truly belongs to Astronomy; and, indeed, a very
large proportion of the subject of Physiography, as taught in many
schools and colleges in Britain at the present day, is essentially astro-
nomical. But here we have to bear in mind that of the two great
divisions of Nature, that of the outside universe which is proper to
Astronomy concerns individual men but indirectly. The other half of
Nature, if we may call it so—the world upon which we live and amidst
whose phenomena we move and have our being,—is always with us
and around us; and its conscious systematic study, which we call
" Earth-Knowledge," is in truth only a methodising and an extension
of the unconscious and unsystematic study that we call " experience,"
which we are always making from the earliest dawn of our consciousness
to the final darkness of old age. This is the kind of Nature-Knowledge
—namely, Earth-Knowledge proper, or in other words " GecSnomy " as
contrasted with "Astronomy"—of which our youth has the greatest
need; and it is instruction in this which it is one of the missions of
Geology to claim for the rising generation.
The day has not yet arrived when it will be possible to define pre-
cisely what should be taught under the head of this Earth-Knowledge.
But what I would understand by it is that it should embrace instruction
which would direct the attention of the scholar not only to the natural
phenomena of the world at large, but also to those particular phenomena
of the world immediately around him. In its general interpretation, its
central plane would be the surface of the earth ; and from this it would
pass upward by proper stages to consider the distribution of all the
phenomena, organic and inorganic, above that surface; outward to the
study of the meaning and interaction of these phenomena; downward to
the study of their history; and onward to the study of their evolution.
The teaching of this Earth-Knowledge could begin in the elementary
classes of schools, be continued in rising grades through the higher
classes, and thence extended to the universities. Speaking theoretically,
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in its earliest stages it should be as simple as possible and cover the
ground which is familiar to daily experience or which is fundamental to
several of the natural sciences. In its higher stages it should become
more specialised, and include the facts and principles common to the
special group of sciences which will become of value to the scholar in
his later studies or in his after life. In the university it might finally
be restricted to the perfect knowledge of that one science which the
scholar has selected for his speciality, and as much of the fellow^scie.nces
as has an intimate bearing upon the science which he selects as his
own. At every stage a broad foundation should be laid for the super-
structure to be erected in the next stage of advance.
But, speaking practically, it is impossible at the present day to lay
down any general rules as to the order in which the subjects dealt with
under the head of Geonomy should be taken up, or as to the way in
which those' subjects should be individually treated. For while it is
quite true that the aim should be to instruct in those generalities which
are common to many or all of the sciences, we should most strictly guard
ourselves from falling into the error implied by many of the text-book
writers on Physiography, who start with an opening chapter on matter,
energy, gravity, and the like—generalities in their essence as yet hardly
capable of conception even by the highest intellects. And while it is
quite true that the most vivid and lasting means of education is by
experiments and deductions carried out by the pupil himself, we should
as carefully avoid the equally fatal error of imagining that instruction
in a single experimental science, such as Chemistry and Physics, can do
more for the pupil than give him a glimpse of a corner of nature.
It is sometimes suggested that instruction in Earth-Knowledge
should commence with the simplest facts and deductions, and lead up
stage by stage to the highest philosophical conceptions and generalisa-
tions. But this is not the way in which any branch of knowledge has
grown and developed in the past. The human mind is so constituted
that it can often appreciate the broadest generalisations in some
directions, before it can interest itself in the most elementary facts and
draw the simplest conclusions in others. What must be done is to
ascertain, from the study of the several branches of knowledge, how
they have individually grown during their developmental history in past
ages, note the order of subjects which were earliest and most easily
appreciated by the human intellect, and give the successive phases of
education as nearly as may be in that order.
Again, it is sometimes hinted that the only fruitful education is
that which is purely experimental, the deductions and generalisations in
which shall be worked out by the scholar himself; and also that all
knowledge which is imparted by the didactic method is not true know-
ledge, and is comparatively infertile. But I firmly hold that both
methods are correct, each for itself, and should both be utilised. There
are unquestionably some things which are best taught by experiment,
and by that demonstration in which the pupil takes the whole or the
largest share. But, on the other hand, the facts of science are so over-
whelming in number, and some of its grandest conclusions are so
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dependent on the highest extremes of knowledge, that they must be
communicated didactically, and must be accepted by the scholar more or
less as an article of faith. Indeed the younger the scholar, and the less
his experience, the more certain is he to accept as unquestionable truths
the assertions of his instructors. It would be the height of folly to
neglect the advantages of all this side of a youth's education in those
years of his life when he is most qualified to profit by it.
The fact is that in the imparting of Earth-Knowledge, as in any
other kind of instruction, both educational methods—didactic and
experimental, authoritative and original—should be utilised together.
It is a matter for the educationalist to find out what sections of a sub-
ject, and what stages of a subject, are best imparted by one method and
what by another. The only rule which can be laid down is that the
didactic and authoritative method is certain to have less and less effect
as the scholar grows older and his experience broadens, and the experi-
mental and original more and more. But there is no escape from the
conclusion that it is the common interest of the teacher and the scholar
to make use of both methods; for the knowledge of every man—the
genius, the scholar, the wise man, and the fool—is alike in this, that it
is the sum of that knowledge which is due to his own individual experi-
ence, and that portion of the collective knowledge of humanity which is
due to the antecedent experiences of his forefathers, and which he has
received at second-hand. It is not that the present educational systems
are wrong in laying stress on the memorising and the applying of what
is already known, but that they are defective in neglecting the individual
and original half of a liberal education.
As I have already pointed out, the central plane of Geonomy is the
knowledge of the surface of the earth, whose present and whose present
conditions belong to Geography, and whose past and evolution belong
to Geology. But in the earlier phases of the education of the scholar
there can and need be no distinction in his mind between these two
sciences; they are rather combined in a geonomic stage—in a generalised
organism, so to speak,—destined to evolve and differentiate later on.
Yet in this early stage the dominating section of the subject is
essentially Geography. As such it presents two very different aspects :
the general geography, namely, that of the world and its surface as
a whole; and the local geography, namely, the geography of the home
and the surroundings of the scholar. The general geography must be
taught didactically, with the aid of such lecture-illustrations as globes and
maps; and the instruction must be received by the scholar more or less
as an article of faith. The local geography, however—and by this I
would understand not only the topography of the district, but the
geography of the town or village, the playground, and the very school-
room itself,—should be taught practically at first hand, the data being
recognised, collected, and classified, the experiments made, and the
conclusions drawn as much as possible by the scholar himself.
Maps as Means and Symbols of Earth-Knowledge.—It is along this local
side of Geonomy that some of the most important advantages will accrue
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to Geology, and not only to Geology but to all its associated sciences.
One of the most necessary qualifications for the geologist and the
geographer, and indeed for all students of those sciences and arts in
which facts and phenomena have to be arranged in their order of dis-
tribution, is a familiarity with the use of maps and a knowledge of how
they are constructed. But one of the commonest results of the present
modes of giving instruction in maps and map-making in most schools is
to cause this kind of knowledge to become distasteful to the learner.
And the consequence is that for one fairly well-educated man who can
read a good map of his own native district, there are hundreds to whom
this is impossible. A detailed topographical map or a geological map is
practically a mystery to the average man; and yet the training which
would have enabled him to appreciate and enjoy them both might, if
given properly in his early years, have afforded him many a pleasant
and interesting break in the monotony of his ordinary school-work. He
has doubtless been shown in his geographical classes the ordinary maps
of the world, and those of the continents and his own country; he has
perhaps copied some of them laboriously in manuscript, and very pro-
bably passed examinations in drawing them from memory. But they
were always more or less dead things to him, because they dealt.with
lands and districts which he had never beheld, and not with the familiar
objects of the school and the home. He has never seen them grow up
before his own eyes, built up from facts collected by himself and his
fellows.
We should like to see the lower classes of all schools making a map
of their own schoolroom and playground. We should like to see the
scholars at a higher stage studying and exercised in the large scale
25-inch map of the locality, with the school in the centre; those at
a higher stage engaged on the 6-inch map of the neighbourhood; and so
on. Stage by stage the scholars might pass to the study of the 1-inch
map of the district or county. Then, when once these maps had become
familiar objects, the learners should be taken out on occasional excursions
into the country with the maps in their hands, and educated in some of
the higher grades of that Earth-Knowledge which can only be seen and
appreciated in the open air. Later on the scholars might pass to the
study of natural agencies, the origin and meaning of landscape, to
geology proper, and thence to the study of the intimate relations of
nature and man.
But it must be acknowledged that the present lack of this kind of
instruction is not to be wholly ascribed to the teachers. Good local maps
were, until recently, practically non-existent. The Government Ordnance
and Geological Surveys have now made these at great national expense,
but so hidden away are they that few except military and civil engineers
and surveyors use them freely, and very few have recognised their
perfection and importance. Now that these maps are becoming com-
pleted, we are beginning to discover that they constitute a most im-
portant educational engine. They are still, however, sold at too high
a price. When we bear in mind the important fact that each member
of a class should be provided with a fresh map at every successive stage,
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the cost to parents and school-managers of this branch of geonomic
training, as matters stand, would be considerable. Yet we may be sure
that this kind of instruction is certain to come about. It becomes,
therefore, a serious question whether the Government departments con-
cerned with the surveying of our country could not be authorised to
supply these maps to school classes, either as part of the local Govern-
ment grant or at a very cheap rate. The actual surveying of the
country and the preparation of the maps already costs several thousands
of pounds annually, which are ungrudgingly paid by the nation. Surely
an extra yearly grant of a few scores of pounds to enable the Government
map-making departments to supply these maps to schools at a nominal
price would be so trivial, whether compared on the one hand with the
large grant already made for the original production of these maps, or
on the other hand with their educational value to the rising generation,
that it Would undoubtedly be welcomed by all.
And once our people became aware of the excellence of these
national maps, topographical and geological, the demand for them,
which is comparatively small at present, would certainly grow. As yet,
however, the public are hardly aware even of their existence. A great
advance has been made of late by hanging up selected, but unfortunately,
not local, portions of these maps in post-offices, with a notice that the
maps can be obtained from the local agent. But what are really wanted
in all post-offices are framed copies of the 1-inch and 6-inch maps of the
locality, hung up so as to be available for reference by all comers; and
a copy of each of these and the other local maps kept in stock, together
with a simple catalogue of all the national maps and memoirs, any one
of which should be obtainable by return of post. The post-offices are,
in the very nature of things, the best advertising places in the country ;
and they are in direct touch with the map-issuing departments of the
Government. Once the people become accustomed by means of their
school-teaching, and by constant sight of these maps in the post-offices,
to regard them as a factor in their daily life, that which is now a luxury
for the learned and the few will become more or less a necessity for the
general and the many; and they will demand, for themselves and their
children, a more intimate acquaintance with that Earth-Knowledge of
which these maps are a symbol—a consummation in which the science
of Geology will benefit by no means last and by no means least.
Conclusion.—But to what extent instruction in that Earth-Knowledge
of which Geology is the soul and centre will constitute an integral
portion of the general education during the present century must depend
in part on the efforts of geologists, and in part on the enlightenment and
emancipation of the educationalists themselves. As geologists, however,
we have the assurance, justified by unbroken tradition, that our views
will eventually be accepted simply because they are inevitable.
In the direction of practice also we may look forward with equal
confidence, especially to the spread of geological facts and principles and
to the extension of the applications of our science. The enormous
increase in the utilisation of the mineral resources of our country which
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is now going on, and the rapid opening up of the many mineral districts
throughout the world-wide possessions of the Empire, bring day by day
a larger array of students to our science from the side of economics.
And turning to the side of research, we are all of us aware that some
of the grandest and most difficult problems of our science still await
solution—problems as attractive, as stimulating, and as rich in promise
as were any of those of the past. And if that past be a true index of
the future, we may be well satisfied that there is no science which need
outstrip ours in its rate of progress. When we call to mind that at the
commencement of the great French Revolution, whose echoes have as yet
hardly died away, our science was just struggling into existence, and
that in the short time which has since elapsed it has placed itself abreast
of the foremost, we have every incentive to push forward and to emulate
those great pioneers in the science, in the mighty sum of whose con-
quests we rejoice and take a pardonable pride.
We have indeed abundant cause for pride, yet none for vainglory.
No science, it is true, has made so swift an advance as Geology, but
certainly to none has ever been afforded so magnificent an opportunity.
The'veil of ignorance and of traditional opinion which hid from the men
of the Middle Ages the wonders which Geology has since revealed, was
so dark and opaque that, until the close of the eighteenth century, no
light could penetrate beyond. But so old and flimsy was it, that when
once the strong hand of the geologist had torn it, it was soon rent
through from top to bottom, and in the flood of light which entered,
what wonder that discovery followed discovery in almost endless
succession.
And we have deep cause for thankfulness in that these discoveries
have been of benefit, not for our science alone, but for all its fellow-
sciences ; and more, that they have been from the first of supreme im-
portance to man himself, his industries and his progress; and to the
study of his history, his origin, and indeed of all that binds him and his
fellow-creatures to the world on which he lives.
While, therefore, we move on confidently together in this dawn of
a new era, blazing forward the straight and narrow trail of research
marked out up to this point by our geological forefathers,—the " old
trail, the lone trail, the trail that's always new "—let us ever remember
that our science is not only the interpreter of Nature, but also the
servant of Humanity.
BOTANICAL SURVEY IN YORKSHIRE.
A SUMMARY of recent papers 1 on this subject may not be without
interest to the readers of the Scottish Geographical Magazine, where, in
July and August 1900, appeared the first papers and maps which
1
 " Geographical Distribution of Vegetation in Yorkshire": Parti . , Leeds and Halifax
District, with Map. By William G. Smith and C. E. Moss. Part II., Harrogate and
Skipton District, with Map. By W. G. Smith and W. M. Rankin.—Geographical Journal,
vols. xxi. and xxii., 1903.
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